Phosphorylation of proteins by kinases is central to many cellular processes, including signal transduction. Thus, assays to identify or characterize kinases are a key tool for research in this area. Kinase substrates can be incorporated into polyacrylamide gels and used to characterize kinase activity in mixed samples. This methodology can be adapted for the identification of novel kinase-substrates or kinase-kinases that participate in the regulation of cell signaling. Here, I review the rationale and principles of an in-gel kinase assay. This strategy relies on co-polymerization of a substrate within the gel matrix, followed by detection of enzymatic activity in situ. The following Protocol provides a detailed method for performing the in-gel kinase assay and discusses the uses of the assay to evaluate kinase activity in the context of proliferation, differentiation, and survival pathways.
Introduction
The in-gel kinase assay is a powerful method whereby one can directly assess the substrate potential and characterize the phosphorylation of a known or unknown target. The assay relies on co-polymerization of a kinase substrate (for example, a protein or another kinase) with a sodium dodecyl sulfate (SDS)-polyacrylamide gel matrix. A protein, enzyme, or cell lysate sample is then separated by electrophoresis under denaturing conditions. After electrophoresis, SDS is removed and the substrate and fractionated sample are renatured in situ. The assay is performed when the gel is incubated with [γ 32 P]-labeled adenosine triphosphate (ATP) and autoradiography performed to evaluate the phosphorylation activity of the kinase on the gel-incorporated substrate (1) .
Numerous studies have employed the in-gel kinase assay. For example, the assay has been used as a means to monitor column fractions for kinase activities and their potential to phosphorylate substrate (2, 3) , hence aiding in both the purification and identification of the kinase. Alternatively, the assay has been used as a confirming step to validate a particular kinase's ability to phosphorylate a specific substrate (4) (5) (6) (7) (8) . If the target substrate is a kinase, the assay can be used to identify kinase-kinases. Cells or tissues that have different genetic backgrounds can be used to examine the pathways leading to phosphorylation of a particular substrate (9); for example, kinase-kinase activation pathways depend on upstream elements, such as Ras, Src, or particular second messengers, which in turn are influenced by genetic elements that can vary. Thus, in-gel kinase assays are a powerful method that can be used in combination with other approaches to explore regulation of cellular signaling pathways.
Typically, in-gel kinase assays have proved to be difficult to conduct in a reproducible manner. Herein, I describe in detail an in-gel assay that was successfully used to identify novel kinases that phosphorylate the atypical protein kinase C (9).
Materials

SDS-Polyacrylamide Gel Electrophoresis
Acrylamide ( Final volume of solution should be 100 ml. 
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Recipe 7: 50% Glycerol
Add 50 ml of glycerol to 50 ml of ddH 2 O.
Recipe 8: 10% SDS
Add 10 g of SDS to ddH 2 O for a final volume of 100 ml.
Recipe 9: 10% APS
Add 1 g of APS to ddH 2 O for a final volume of 10 ml.
Recipe 10: Resolving Gel
Water + substrate (100 to 500 µg/ml) 2.36 ml 
Instructions
Below, a step-by-step method for an in-gel kinase assay is described. The strategy consists of co-polymerizing a kinase substrate within the gel matrix, then detecting kinase activity by an in-gel (in situ) kinase assay. By this method, we identified three putative kinases that phosphorylate the atypical protein kinase C (9) (Fig. 1 ). Minigels cast with 1-mm spacers are ideal for this assay. In my experience, the thickness of the gel is critical to success of the assay.
In addition, the success of the assay is highly dependent on the quality of the samples containing the enzymatic activity. Therefore, the gels should be made and ready to load before the samples are prepared and the samples should be used immediately whenever possible.
Sample Preparation
The samples are prepared in lysis buffer, SDS-containing sample buffer is added, and the mixture is boiled to denature the proteins. Samples should be as fresh as possible, and freezing and thawing of samples should be avoided.
When using the in-gel assay for detecting activity of kinases in column fractions, it might also be necessary to concentrate the activity of the fractions, depending on the relative abundance of the kinase. UltraFreeMC (Millipore) centrifugal filtration units fitted with 10 kD nominal molecular weight cutoff membranes can be used for this purpose (3).
Prepare samples containing kinase in Lysis Buffer with Antiproteases (Recipe 2).
Note: Samples should have 40 to 60 µg of protein per 25 µl sample volume.
2. Add SDS Sample Buffer (Recipe 5) to sample in a 1:1 ratio (vol/vol), using microcentrifuge tubes with locking caps to prevent them from "popping" open when boiling.
Note: Maximum sample volume is ~25 µl, because of the size of the comb used to cast the stacking gel.
3. Boil samples for 3 min in tubes with locking caps to prevent loss of the samples. Samples should be immediately loaded onto the gel and are not stored.
In-Gel Kinase Assay
Day l
1. Pour a 7-cm substrate-containing Resolving Gel (Recipe 10) in a Hoeffer minigel cast with 1-mm spacers.
Note: If the substrate is dissolved in a glycerol-containing solution, the amount of glycerol must be adjusted appropriately in the resolving gel. Typically, we use 100 to 500 µg/ml of substrate, depending on the purity of the kinase to be tested.
2. Overlay the gel with butanol.
3. Place in an incubator at 37°C to speed polymerization. Polymerization generally takes ~45 min.
4. After the gel has polymerized, drain the butanol, wash the gel in with ~5 mls of Run Buffer (Recipe 12), and drain.
5. With the minigel sandwich set in the electrophoresis unit, pour a Stacking Gel (Recipe 11) with a 10-well comb and allow to polymerize.
Note: For best results, the gel should be used within 2 hours of casting the stacker. The gels are cast and used the same day and are not typically stored.
6. Wash the wells with Run Buffer (Recipe 12) to remove unpolymerized acrylamide, and add Run Buffer (Recipe 12) to the upper and lower tanks of the electrophoresis chamber. Fig. 1 . Testing for substrate specificity of a sample. Gels contain different substrates. Lysates from cells stimulated with nerve growth factor (100 ng/ml) for 15 min were subjected to the in-gel assay with no substrate, purified atypical protein kinase C (aPKC) (100 µg/ml), or myelin basic protein (MBP) (100 µg/ml). Note the stimulation of autophosphorylation of pp92/87 and pp69 kinase activity by nerve growth factor (NGF). The activity of pp175 is specific to aPKC as a substrate, whereas pp44/42 is specific to MBP as a substrate. [Reprinted with permission from Elsevier Science (9) 
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Related Techniques
If the phosphorylation signal is strong enough, the site of phosphorylation may be identified. We have had some success at cutting the radioactive band from the dried gel, rehydrating the gel in water to remove the paper used in the drying process, and conducting phospho-amino acid analysis to identify the phosphorylated amino acid.
One method that can be used to identify the kinase is immunodepletion. To immunodeplete, the samples are incubated with an antibody (or antibodies) against the potential target. The antibody is then removed from the sample, along with any bound target kinase by incubation with Protein-A Sepharose. The samples should be subjected to at least two rounds of immunodepletion, with an antibody to the potential target. The immunodepleted sample can then be compared to a nondepleted sample as a way to initiate identification of the putative kinase (2) . This method is a powerful tool for characterization of kinase-kinases that regulate many aspects of cell signaling, including proliferation, apoptosis, survival, and differentiation.
Notes and Remarks
In-gel assays rely on active kinases. Thus, one must use conditions that minimize the degradation of activity of the kinase under study. Appropriate protease and phosphatase inhibitors must be included in the lysis buffer. With whole-cell lysates, we typically use the lysates immediately, if possible. We never freeze-thaw the samples because we find that enzyme activity often disappears afterward. The reproducibility of results depends on consistency in preparation of the samples. If signal strength is low, the length of the incubation of the gel with the Hot Kinase Buffer can be increased. Additionally, other factors may be required for activation of the kinase under study, and these additional factors, such as cations or lipids, should be included in the in-gel Kinase Assay Buffer. Another potential problem is insufficient quantity of substrate. This can be especially problematic for the study of kinase-kinases. We have successfully used glutathione-S-transferase (GST)-or His-tagging of the target protein to enrich for the target protein by standard purification methods (9) .
It is also important to use the highest purity or molecular biology grade chemicals for the assay and electrophoresis. Some investigators use 2-ME instead of DTT in the gel solutions. We find that, when compared side by side, assays conducted with DTT are superior to those containing 2-ME in terms of kinase activity. The same is true when comparing guanidine hydrochloride to urea. We find that renaturation with guanidine hydrochloride results in improved kinase activity for the kinases that we have studied to date.
